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(57) ABSTRACT

Techniques are provided to improve user experience at end-
point devices that are participating in a multipoint screen
content sharing session. A server in a multipoint communi-
cation system receives video frames from a sending endpoint
device in the communication session that involves one or
more other endpoint devices that are to receive video frames
from the sending endpoint device. The video frames include
key reference frames that use either intra-frame prediction or
inter-frame prediction based only on other key reference
frames. The server stores the key reference frames. When a
new receiving endpoint device joins the communication ses-
sion, the server sends all the stored key reference frames to the
new receiving endpoint device. All video frames received
from the sending endpoint device are forwarded to existing
ordinary receiving endpoint devices. Key reference frames
and some, but not all, non-key reference video frames are
forwarded to existing low-capacity receiving endpoint
devices.

24 Claims, 5 Drawing Sheets
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EFFICIENT FRAME FORWARDING IN
LARGE SCALE REAL-TIME SCREEN
CONTENT SHARING MEETINGS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to U.S. Provisional Appli-
cation No. 61/582,520, filed Jan. 3, 2012, the entirety of
which is incorporated herein by reference.

CLAIM OF FOREIGN PRIORITY

This application claims priority to Chinese Application
No. 201110437379.9, filed Dec. 23, 2011, the entirety of
which is incorporated herein by reference.

TECHNICAL FIELD

The present disclosure relates to multipoint content sharing
systems and applications.

BACKGROUND

In a multipoint content sharing system, a sender delivers
content to multiple receivers. In real-time content sharing
applications, a quick response to newly-joined attendees
enhances user experience. An instantaneous decoding refresh
(IDR) frame in the H.264 standard is used as a response
frame. This is because that the IDR frame applies only intra-
frame prediction and does not depend on any previously
decoded frame during its decoding.

In response to a request from any receiver in a multipoint
sharing session, the sender needs to send out an IDR frame to
all receivers. When a new receiver joins, an IDR frame is
needed since there is no previously decoded frame to be
referred to at the newly-joined receiver.

On the other hand, it is observed that the compression
efficiency of frames applying only intra-prediction can be low
in screen content coding using H.264. Given the common
case that the resolution of screen content sharing is relatively
large, the data size of an IDR frame will be very large. Thus,
when an IDR frame is to be sent, the data burst can deteriorate
the uplink channel.

These factors contribute to the disadvantages of the tradi-
tional system of screen content sharing using H.264. A
request from any receiver will invoke an IDR frame at the
sender, but sending the IDR frame may result in worsening
the video experience at all receivers. Controlling the number
of IDR frames or data size of each IDR frame may alleviate
the problem but at the expense of keeping some receivers
waiting, or of lower video quality at all receivers, respec-
tively.

A sophisticated system should be able to balance among
the server capacity, network conditions, requests from indi-
vidual receivers and the user experience of all users in the
system.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of a communication system in
which real-time screen content is shared among a plurality of
endpoints.

FIG. 2 is a flow diagram depicting operations performed at
a server for forwarding frames of the screen content from a
sending endpoint device to a plurality of receiving endpoint
devices.
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FIG. 3 is a flow diagram depicting operations performed at
the sending endpoint device.

FIG. 4 is an example of a block diagram of the server.

FIG. 5 is an example of a block diagram of the sending
endpoint device.

DESCRIPTION OF EXAMPLE EMBODIMENTS
Overview

Techniques are provided to improve user experience at
endpoint devices that are participating in a screen content
sharing multipoint communication session. A server in amul-
tipoint communication system receives video frames from a
sending endpoint device in the communication session that
involves one or more other endpoint devices that are to
receive video frames from the sending endpoint device. The
video frames represent screen content at the sending endpoint
device and include key reference frames. The server stores the
key reference frames. When a new receiving endpoint device
joins the communication session, the server sends all the
stored key reference frames to the new receiving endpoint
device. The server determines network conditions with
respect to existing receiving endpoint devices and decoding
capacity of existing receiving endpoint devices. Existing
receiving endpoint devices are classified into one of first or
second groups such that one or more existing receiving end-
point devices are classified into a first group based on rela-
tively poor network conditions or relatively low decoding
capacity, or into a second group based on relatively good
network conditions or relatively high decoding capacity. All
video frames received from the sending endpoint device are
forwarded to the second group of existing receiving endpoint
devices. Key reference frames and some, but not all, non-key
reference video frames are forwarded to the first group of
existing receiving endpoint devices.

Example Embodiments

A scheme is disclosed herein for the application of real-
time screen content sharing in a large scale multiple point
(multipoint) communication system. This scheme utilizes
video compression technology for the coding of the screen
content. In particular, a unique architecture and adaptive algo-
rithms are provided to quickly and efficiently respond to the
various conditions among endpoints participating in a com-
munication session.

This scheme addresses several challenges in a large scale
multipoint communication system for screen content sharing.
The H.264 video standard is referred to herein in connection
with presentation of these techniques, but these techniques
can be utilized with other video coding standards, now known
or hereinafter developed.

Referring first to FIG. 1, a block diagram is shown of a
multipoint communication system 10, in which endpoints
20(1)-20(N) can perform real-time communications, such as
for real-time screen content sharing. In the system 10, there
can be a relatively large number of endpoints, e.g., 20 or more,
even hundreds of, endpoints. The system 10 includes a server
30 that coordinates communication sessions among two or
more endpoints. The endpoints 20(1)-20(N) communicate
with the server 30 via network 40, e.g., the Internet, including
one or more local area networks and wide area network.

As shown in FIG. 1, some of the endpoints may be con-
nected by wire to network 40, whereas others, e.g., endpoint
20(N), have a wireless link in their path to network 40. For
example, endpoint 20(N) may wireless communicate with a
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base station or access point in a wireless local area network
(WLAN) or wireless wide area network (WWAN), shown at
reference numeral 50.

In a given communication session involving two or more
endpoints, the endpoints communicate audio, video and other
media content, e.g., documents or other applications running
on an endpoint. For example, one endpoint may be sharing
content currently displayed on that endpoint’s display screen
with one or more other endpoints in a communication session.
This is called “screen content” sharing, and is very useful in
web-based meetings. In the example of FIG. 1, endpoint
20(1) is sharing its screen content with endpoints 20(2)-20
(N). In so doing, endpoint 20(1) sends encoded video frames
representing its screen content to the server 30. The server 30
forwards the encoded video frames received from sending
endpoint 20(1) to the receiving endpoints 20(2)-20(N).

The manner in which encoded video frames representing
screen content from endpoint 20(1) are forwarded to receiv-
ing endpoints 20(2)-20(N) is now described with reference to
FIG. 2.

The term “Key Reference frame” (KeyRef) is used herein
to refer to the type of frames which have no dependency on
non-KeyRefs. In other words, a KeyRef will use either intra-
frame prediction or inter-frame prediction whose reference
frame(s) is/are also a KeyRef. Instantaneous Decoding
Refresh (IDR) frames in the H.264 standard, which only use
intra-frame prediction and does not depend on any reference
frames, are also KeyRefs.

The term “frame” is used herein as a basic unit, but it
should be understood that the basic unit can be other units
such as slices of frames.

As shown at 32 in FIG. 2, the server 30 receives video
frames from sending endpoint device 20(1) in a communica-
tion session that involves one or more other endpoint devices
that are to receive video frames from the sending endpoint
device 20(1). For example, endpoint devices 20(2), 20(3) and
20(N) are receiving endpoint devices. Endpoints 20(2) and
20(N) are existing receiving endpoints and endpoint 20(3) is
a newly joining endpoint. The video frames represent screen
content at the sending endpoint device 20(1) and include
KeyRefframes. The server 30 stores all the KeyRefframes. In
particular, the server 30 stores compressed and dependent
KeyRef until an IDR frame arrives.

Adapting to Mixed-Type Receivers

The server sends all the stored KeyRefs to a new receiving
endpoint device that joins the communication session, e.g.,
endpoint device 20(3). The server also determines network
conditions with respect to existing receiving endpoint devices
as well as determining/monitoring decoding capacity of
existing receiving endpoint devices. The detection of down-
link network conditions can be done using various network-
detection methods, e.g., using Real-Time Transport Control
Protocol (RTCP) feedback information. The detection of
decoding capacity can be done at the beginning when setting-
up the connection, and can use various methods as well, e.g.,
using descriptions as defined in the Session Description Pro-
tocol (SDP), or using proprietary-formatted messages. The
server designates (existing) receiving endpoint devices as
being low-capacity receiving endpoint devices in the commu-
nication session based on relatively poor network conditions
(e.g., latency greater than a threshold or data rate lower than
a threshold or packet-loss ratio greater than a threshold) or
relatively low decoding capacity (with respect to a decoding
capacity threshold). Conversely, the server designates receiv-
ing endpoint devices as being ordinary receiving endpoint
devices in the communication session based on relatively
good network conditions (latency lower than a threshold and

20

40

45

50

55

4

data rate greater than a threshold) or relatively high decoding
capacity (relative to a decoding capacity threshold). The spe-
cific methods for monitoring network conditions and decod-
ing capacity mentioned herein are by example only and are
not meant to limit the applicability of the techniques
described herein.

As shown in FIG. 2, the server forwards all video frames
received from the sending endpoint device 20(1) to existing
ordinary receiving endpoint devices, e.g., endpoint device
20(2). However, the server forwards KeyRefs and some, but
not all, non-KeyRefs to existing low-capacity receiving end-
point devices, e.g., endpoint device 20(N). According to the
network conditions and the receiving endpoint’s decoding
capacity, KeyRefs and some non-KeyRefs will be forwarded
to existing low-capacity receiving endpoint devices by the
server. In the worst case, only KeyRefs will be forwarded to
existing low-capacity receiving endpoint devices.

There may be different degrees of low-capacity receivers,
so that the frames sent to each low-capacity receiver may not
be the same set of frames. For example, to low-capacity
receiver A KeyRefs plus frame numbers 1, 3, and 5 are sent,
but to receiver B, with a lower capacity than receiver A,
KeyRefs plus frame numbers 2 and 6 are sent. Thus, different
key frames are forwarded to different low-capacity receiving
endpoint devices based on the degree of low-capacity of the
respective low-capacity receiving endpoint devices.

Thus, existing receiving endpoint devices are classified
into a first group based on relatively poor network conditions
or relatively low decoding capacity, or into a second group
based onrelatively good network conditions or relatively high
decoding capacity. The designations of “ordinary” and “low-
capacity” are dynamic in that an ordinary receiving endpoint
device can become a low-capacity receiving endpoint if net-
work conditions change, and vice versa. Moreover, a newly
joining endpoint device will become either an ordinary
receiving endpoint device or a low-capacity receiving end-
point device after it has joined the session for some period of
time, and its designation or status can thereafter change.

Low-capacity receiving endpoint device may be endpoint
devices that have a wireless link in their network connection,
such as often the case for mobile devices, e.g., phones, tablet
computers or laptop computers. In some circumstances, the
network conditions can be so poor or unstable such that only
KeyRef frames are forwarded to low-capacity receiving end-
point devices, or non-KeyRefs are skipped and not forwarded
according to the network conditions. For example, a percent-
age of non-KeyRefs to be skipped and not forwarded is based
on network conditions for that receiving endpoint device.

For mobile endpoint devices, computational capacity and
battery consumption need to be considered. Keeping Main-
taining the original (relatively large) video resolution used for
screen sharing provides for a better user experience. There-
fore, avoiding re-sampling or resolution-scaling is highly
desirable. Intentionally skipping non-KeyRefs is efficient
because it saves the computations associated with decoding
large resolution content on mobile devices.

Response to Newly-Joined Receiving Endpoints

As explained above, when a new receiving endpoint device
joins the communication session, all the KeyRefs stored at the
server will be sent to that endpoint, and thereafter, that end-
point device can be designated as an ordinary receiving end-
point or a low-capacity receiving endpoint device, depending
on network conditions and capacity at that endpoint device.

Sending Endpoint Device Operation

Reference is now made to FIG. 3 for a description of the
operations performed at a sending endpoint device. At 70, the
sending endpoint device generates and encodes KeyRef
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frames for content to be shared with other endpoints accord-
ing to some strategy or policy that the sending endpoint
device determines on its own, or in response to a command/
request from the server 30 or from a receiving endpoint
device. At 72, the sending endpoint device records the size s
of'all the encoded and dependent KeyRefs generated up to the
current point in time. At 74, the sending endpoint device
compares the size s with a threshold value, Storage_thresh-
old, and processes a current frame to be encoded based/
depending on the outcome of the comparison of the size s with
the threshold value. In particular, if the size s is greater than
the threshold value, then at 74, the processing of the current
frame involves encoding the current frame as an IDR frame.
On the other hand, if the size s is less than the threshold value,
then at 76, processing of the current frame involves encoding
the current frame as a KeyRef that is not an IDR frame. The
current frame, after it is processed at 74 or 76, is then sent to
the server at 78.

The Storage_threshold value is variable and related to the
limitation of the storage space available on the server, as well
as the downlink bandwidth of typical receiving endpoints.
The reason that the Storage_threshold is affected by available
storage on the server is intuitive since the storage capacity of
the server is limited for each communication link. The reason
that the Storage_threshold is affected by downlink bandwidth
of'typical receiving endpoints is to control the volume of data
needed to be sent when a new receiving endpoint joins a
communication session. When a new receiving endpoint
joins, the server will send all the stored KeyRefs to the new
receiving endpoint.

Thus, the following summarizes the operations performed
at a sending endpoint device. At a sending endpoint device
that is participating in a communication session that involves
one or more other endpoint devices and is sending video
frames representing screen content at the sending endpoint
device, KeyRefs are generated and encoded that use either
intra-frame prediction or inter-frame prediction based only
on other key reference frames. A size is determined for all
encoded key reference frames generated up to a current point
intime. The size is compared with a threshold value. A current
frame to be encoded is processed based on the comparison of
the size with the threshold value. If the size is greater than the
threshold value, then processing involves encoding the cur-
rent frame as an IDR frame and if the size is less than the
threshold value, then processing involves encoding the cur-
rent frame as a KeyRef that is not an IDR frame. The current
frame, after it is processed, is sent to the server.

Receiving Endpoint Operation

Receiving endpoints can perform decoding and synchro-
nization between video content and other multimedia con-
tent. Receiving endpoints can also send out KeyRef requests
as needed. Ordinary receiving endpoints and low-capacity
receiving endpoints decode the frames they receive from the
server. New receiving endpoints that join a communication
session decode all the frames received from the server, but can
choose to only present data derived from frames within a
predetermined time period relative to timestamp information
contained in a frame received from the server. Timestamp
information included in frames may be used to control which
frames are too “old” and thus should not be presented by a
receiving endpoint. For example, if the timestamp informa-
tion of the latest frame is t=n, and that of a first frame is t=0,
a receiving endpoint can determine a value m which O<m<n,
such that all the frames with t<m may not be displayed.

Turning now to FIG. 4, an example block diagram is shown
for the server 30. The server 30 is a computing device with
network connectivity capabilities. The server 30 comprises a
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network interface unit 35, a processor 36 and a memory 38.
The network interface unit 35 is configured to enable network
communications on behalf of the server 30. The processor 36
is a microprocessor or microcontroller that executes instruc-
tions stored in memory 38. Several processors may be pro-
vided. The memory 38 stores executable instructions for
server control logic 100. When the processor executes the
server control logic 100, the server performs the operations
described herein in connection with FIGS. 1 and 2.

The memory 38 may comprise read only memory (ROM),
random access memory (RAM), magnetic disk storage media
devices, optical storage media devices, flash memory devices,
electrical, optical, or other physical/tangible memory storage
devices. Thus, in general, the memory 38 may comprise one
or more tangible (non-transitory) computer readable storage
media (e.g., a memory device) encoded with software com-
prising computer executable instructions and when the soft-
ware is executed (by the processor 36) it is operable to per-
form the operations described herein.

FIG. 5 illustrates an example block diagram for an end-
point device, generically referred by reference numeral 20(7),
which can send frames representing screen content data to be
shared during a communication session. The endpoint device
comprises a network interface unit 21, processor 22, memory
23, video camera 24, display 25 and keyboard 26. The net-
work interface unit 21 enables network connectivity on behalf
of the endpoint device and may include wireless network
connectivity (e.g., WLAN or WWAN wireless connectivity)
and/or wired network connectivity. The processor 22 com-
prises a microprocessor or microcontroller, for example. The
memory 23 stores instructions for endpoint control logic 200
that are executed by the processor 22 to perform the sending
and receiving endpoint operations described herein.

There are several advantages of the techniques described
herein. First, as described below, the response time for a
newly joining receiving endpoint is much faster. There is also
reduced impact from newly-joining receiving endpoints on
existing receiving endpoints. Moreover, the adaptation to a
low-capacity receiving endpoint does not affect or negatively
impact quality of high-capacity receiving existing endpoints
(ordinary receiving endpoints).

Before further describing in more detail the advantages of
these techniques, some definitions are provided.

BW ik Uplink bandwidth from sender to
server

BW o miini Downlink bandwidth from server
to receiver

DataSizep Size of encoded frames of ordinary

inter-prediction frame in H.264
(non-IDR, non-KeyRef), given a
fixed video quality

Frame size of typical KeyRef frame
in H.264, given a fixed video
quality

Frame size of the IDR frame in
H.264, given a fixed video quality
Typical data ratio between KeyRef
and non-KeyRef after compression
in H.264. According to real data

in experiments, under some sender
strategy, this parameter can be
kept at around 130% or 140% for
screen content coding

Typical data ratio between IDR
KeyRef and non-IDR KeyRef after
compression in H.264. As common
case in H.264, this parameter

can be of 5~10, or even 15

in screen content coding

DataSize g, ger= Ogerrer ™
DataSizep

1 = *
DataSize;p, = t;pz
DataSizep
OgeyRef

%7573
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-continued

Time consumed to send a command
message from *to¥

CommandTransmissionTime, _..,

Fast Response to Newly-Joined Receiving Endpoint

The techniques described herein can provide faster
response to newly-joined receiving endpoints than is possible
in a traditional request-response system. The mathematical
analysis explaining this improvement is as follows.

A quick response to a newly-joined receiving endpoint
means a shorter waiting time for the user(s) at the endpoint to
be presented with the first frame. The waiting time has the
following components:

10

15
WaitingTime=Request from receiver to server+Re-
quest from server to sender+Frame transmission+
Decoding Time

For a traditional request-response system:

20
WaitingTime,,, giione=Command TransmissionTime, . .c;yer—sServert
Command TransmissionTimes,, e,—»cendertEL-
codingTime;,,+Time_Frame-
Transmission;pg sender—sServer+ Lime_Frame
Transmission;pg server—sreceivertDecoding-

Time;pz 25

For a system configured according to the techniques
described herein, the waiting time is:

WaitingTimey;,.,,=CommandTransmissionTime, ..c;yer—sServertO0+0+
0+Time_Frame-
TraNSIISSIONg 41 ge Server-sreceivertDecoding-
Tlmestorage

30

Although DecodingTimeg,,, .. ~>DecodingTime;,z, the
time difference is small and even negligible since the decoder
speed of H.264 is always high in real-time applications.

The time consumed in frame transmission can be further
decomposed:

Time FrameTransmission, . s ione = 40
Time_ FrameTransmissionpp (e server +

Time_FrameTransmissionye ¢, vers receiver =

(DamSize,DR

DataSizeipr ]
BW,piink

BW dovniink 45
Time FrameTransmission,,,, =

0+ TlmefFrameTransmlssml}mmgey Serveroreceiver =

(DataSizesorage | BWaowntink) <

In typical networking conditions, BW,_,, <=BW

So as long as 2xDataSize,,z>=DataSizeg,,, ., then

downlink®

Time_FrameTransmission,, is.,>=1ime_FrameTransmissiony,,,, 55

because
( DaraSizeipr  DaraSizeipgr ] ( DaraSizeipr  DaraSizeipgr )
> =
BWpiink BWaowniink BWovntink BWaowniink 60
2x DataSize;pr  DataSizesiorage
BWoouniink BWoouniink

That is to say, by properly setting the size of stored frames,
a shorter waiting time can be achieved by the techniques
described herein for newly-joining receiving endpoints.

65
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In particular, when screen content coding using H.264, the
data size ofan IDR frame using H.264 will be relatively large.
Given the size relationship between IDR frames and non-IDR
KeyRefs, the requirement 2xDataSize,,z>=DataSize,,, ,q.
is not hard to fulfill.

Reduced Impact from Newly-Joined Receiving Endpoints on
Existing Receiving Endpoints

These techniques avoid affecting existing receiving end-
points when new receiving endpoints join a session, which
provides a better overall user experience. Even if receiving
endpoints keep joining or asking for responses of a sending
endpoint device in a short time, there will be no impact on the
sending endpoint device, so that video experience of existing
receiving endpoint devices will not be affected.

Consider a multipoint real-time screen content sharing sys-
tem based on the Transport Control Protocol (TCP). TCP is
used for easier explanation of an example.

In the traditional system, when a new receiving endpoint
joins, the sending endpoint needs to send an IDR frame. Since
the data size of IDR frames is greater than the data size of
Predicted (P) frames, the time needed to transfer the IDR
frame will be longer than it would be for ordinary P frames.
This is particularly the case for screen content coding where
the size difference between an IDR frame and ordinary P
frames is substantial. I[f the bandwidth is not great enough, the
delay will be noticeable to existing receiving endpoints. In
other words, all existing receiving endpoints may experience
noticeable delay when each new receiving endpoint joins.
The repeating delay can be annoying to existing receiving
endpoints, particularly when new receiving endpoints keep
joining during a sharing session.

A similar result occurs when the bit rate fluctuation is
concerned, which is a very common constraint in real-time
systems. The sender will have to reduce the quality of the IDR
frame to reduce the impact of a lower bit rate. In screen
content coding, the reduction of quality will be obvious to a
user. Fluctuation of video quality is also annoying to existing
receiving endpoints when new receiving endpoints keep join-
ing during a sharing session.

The techniques presented herein avoid such a problem,
since the request from the new receiving endpoint will be
fulfilled by the stored KeyRefs, thus the sending endpoint
does not need to respond to the request with IDR frames. The
experience of the existing receiving endpoints is not affected
by joining of new receiving endpoints.

Adaptation to Low-Capacity Receiving Endpoint Request
without Affecting Other Endpoints

Using the techniques presented herein, high-capacity
receiving endpoints can still make good use of its capacity to
enjoy same video experience, even when there is low-capac-
ity receiving endpoint in the multipoint screen content shar-
ing session. The server selectively forwards non-KeyRefs to
receiving endpoint devices according to network conditions,
capacity, etc., of individual receiving endpoint devices.

In the traditional system, suppose both the uplink band-
width of the sender and the downlink bandwidth of most
existing receivers are azy omunr- Further, suppose there is
one low-capacity receiver L in the system whose downlink
bandwidth is (YaXaz - sounuma)- I the sender chooses to send
the bit stream at azp oy L Will either experience delay
or transmission loss of the bit stream and cannot view the
shared screen content. If the sender chooses to send the bit
stream at (Y2Xazy sowmms)» the other receivers that have
good bandwidth conditions will have to endure lower quality
of the shared screen content.

By contrast, in a system that employs the techniques
described herein, the sender can send bit stream at
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Az aownimi A0d can keep the bit rate of the KeyRefs to be
(V2Xaz1 dovmimi)- LOW-Capacity receiver L can still view the
shared screen content at a lower frame rate, meanwhile, the
other receivers can enjoy the shared screen content at a nor-
mal quality and frame rate.

When a low-capacity receiver turns out to be an endpoint
device whose computational capacity is low, such as users on
mobile devices, the analysis will be similar.

In summary, a system is provided for real-time screen
content sharing in a large scale setting (numerous endpoints).
The sender, server and sometimes receiver as well, cooperate
with each other to contribute in adaptation and fast-response
of the multipoint system for screen content sharing.

Applications for the techniques described herein include
screen content sharing, which can use different types of cod-
ing tools and allow flexible reference frame selection, as well
as applications which use hybrid video coding scheme such
as H.264. However, these techniques are not limited to H.264,
and can be applied as long as the video coding method allows
flexible reference frame decision and selection. These tech-
niques can also be applied to camera video coding.

The techniques described herein may be implemented in
one or more application specific integrated circuits (ASICs)
in digital logic gates, or by a processor that executes instruc-
tions stored in a processor readable memory storage media,
e.g., ROM, RAM or other non-transitory memory storage
device, as part of equipment that performs encoding of screen
content video (e.g., in a video endpoint and/or video confer-
ence switch or bridge) for transmission over a network.

These techniques tie together several ideas for video con-
tent sharing. The use of key reference frame and long-term-
reference pictures is made to reduce the need of IDR frames.
Server storage of past IDR and key reference frames are used
to startup newly joining receiving endpoints without gener-
ating IDRs for every existing receiving endpoint. The band-
width and capacity are tracked to classify endpoints and apply
different adaptations, as needed.

The above description is intended by way of example only.

What is claimed is:

1. A method comprising:

at a server in a multipoint content sharing system, receiving
video frames from a sending endpoint device in a com-
munication session that involves one or more other end-
point devices that are to receive video frames from the
sending endpoint device, the video frames representing
screen content at the sending endpoint device and
including key reference frames, wherein the sending
endpoint encodes a current key reference frame based on
a comparison of a size of all currently encoded key
reference frames to a threshold value;

storing the key reference frames at the server;

sending all the stored key reference frames to a new receiv-
ing endpoint device that joins the communication ses-
sion;

determining network conditions with respect to existing
receiving endpoint devices and decoding capacity of
existing receiving endpoint devices;

classifying one or more existing receiving endpoint
devices into a first group based on relatively poor net-
work conditions or relatively low decoding capacity, or
into a second group based on relatively good network
conditions or relatively high decoding capacity;

forwarding all video frames received from the sending
endpoint device to the second group of existing receiv-
ing endpoint devices; and
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forwarding key reference frames and some, but not all,
non-key reference video frames to the first group of
existing receiving endpoint devices.

2. The method of claim 1, wherein for the first group of
existing receiving endpoint devices, only key reference
frames are forwarded.

3. The method of claim 2, wherein forwarding comprises
forwarding different key reference frames to different receiv-
ing endpoint devices in the first group based on the degree of
low-capacity.

4. The method of claim 1, wherein for existing receiving
endpoint devices in the first group, some non-key reference
frames are skipped and not forwarded.

5. The method of claim 4, further comprising determining
a percentage of non-key reference frames to be skipped and
not forwarded based on network conditions.

6. The method of claim 1, further comprising, at the send-
ing endpoint device:

processing a current frame to be encoded depending on the

comparison of the size with the threshold value; and
sending the current frame, after it is processed, to the
server.

7. The method of claim 6, wherein if the size is greater than
the threshold value, then processing comprises encoding the
current frame as an instantaneous decoding refresh frame and
if the size is less than the threshold value, then processing
comprises encoding the current frame as a key reference
frame that is not an instantaneous decoding refresh frame.

8. The method of claim 7, wherein the threshold value is
related to a limitation of storage space available on the server
and downlink bandwidth of receiving endpoints.

9. The method of claim 1, further comprising the existing
receiving endpoints in the first and second groups decoding
frames received from the server.

10. The method of claim 1, further comprising the new
receiving endpoint device decoding all frames received from
the server, but presenting all data or data derived from frames
within a predetermined time period relative to timestamp
information included in a frame received from the server.

11. A method comprising:

at a sending endpoint device that is participating in a com-

munication session that involves one or more other end-
point devices and is sending video frames representing
screen content, generating and encoding key reference
frames;

determining a size of all encoded key reference frames

generated up to a current point in time;

comparing the size with a threshold value;

encoding a current frame based on the comparison of the

size with the threshold value; and

sending the current frame, after it is processed, to a server

that is configured to forward frames to receiving end-
point devices in the communication session.

12. The method of claim 11, wherein if the size is greater
than the threshold value, then processing comprises encoding
the current frame as an instantaneous decoding refresh frame
and if the size is less than the threshold value, then processing
comprises encoding the current frame as a key reference
frame that is not an instantaneous decoding refresh frame.

13. The method of claim 12, wherein the threshold value is
related to a limitation of storage space available on the server.

14. One or more non-transitory computer readable storage
media encoded with software comprising computer execut-
able instructions and when the software is executed operable
to:

at a server in a multipoint content sharing system, receive

video frames from a sending endpoint device in a com-
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munication session that involves one or more other end-
point devices that are to receive video frames from the
sending endpoint device, the video frames representing
screen content at the sending endpoint device and
including key reference frames, wherein the sending
endpoint encodes a current key reference frame based on
a comparison of a size of all currently encoded key
reference frames to a threshold value;
store the key reference frames;
send all the stored key reference frames to a new receiving
endpoint device that joins the communication session;

determine network conditions with respect to existing
receiving endpoint devices and decoding capacity of
existing receiving endpoint devices;

classify one or more existing receiving endpoint devices

into a first group based on relatively poor network con-
ditions or relatively low decoding capacity, or into a
second group based on relatively good network condi-
tions or relatively high decoding capacity;

forward all video frames received from the sending end-

point device to the second group of existing receiving
endpoint devices; and

forward key reference frames and some, but not all, non-

key reference video frames to the first group of existing
receiving endpoint devices.

15. The non-transitory computer readable storage media of
claim 14, wherein the instructions operable to forward frames
to existing receiving endpoint devices in the first group com-
prise instructions to forward only key reference frames.

16. The non-transitory computer readable storage media of
claim 14, wherein the instructions operable to forward frames
to existing receiving endpoint devices in the first group com-
prise instructions to skip and not forward some non-key ref-
erence frames.

17. The non-transitory computer readable storage media of
claim 16, further comprising instructions operable to deter-
mine a percentage of non-key reference frames to be skipped
and not forwarded based on network conditions.

18. One or more non-transitory computer readable storage
media encoded with software comprising computer execut-
able instructions and when the software is executed operable
to:

at a sending endpoint device that is participating in a com-

munication session that involves one or more other end-
point devices and is sending video frames representing
screen content, generate and encode key reference
frames;

determine a size of all encoded key reference frames gen-

erated up to a current point in time;

compare the size with a threshold value;

encode a current frame based on the comparison of the size

with the threshold value; and

send the current frame, after it is processed, to a server that

is configured to forward frames to receiving endpoint
devices in the communication session.

19. The non-transitory computer readable storage media of
claim 18, further comprising instructions operable to, if the
size is greater than the threshold value, then encode the cur-
rent frame as an instantaneous decoding refresh frame and if
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the size is less than the threshold value, then encode the
current frame as a key reference frame that is not an instan-
taneous decoding refresh frame.

20. An apparatus comprising:

a network interface unit configured to enable communica-

tions over a network;

a memory;

a processor coupled to the network interface unit and the

memory, the processor configured to:

receive video frames from a sending endpoint device in
a screen content sharing communication session that
involves one or more other endpoint devices that are
to receive video frames from the sending endpoint
device, the video frames representing screen content
at the sending endpoint device and including key ref-
erence frames, wherein the sending endpoint encodes
a current key reference frame based on a comparison
of'a size of all currently encoded key reference frames
to a threshold value;

store the key reference frames;

send all the stored key reference frames to a new receiv-
ing endpoint device that joins the communication ses-
sion;

determine network conditions with respect to existing
receiving endpoint devices and decoding capacity of
existing receiving endpoint devices;

classify one or more existing receiving endpoint devices
into a first group based on relatively poor network
conditions or relatively low decoding capacity, or into
a second group based on relatively good network con-
ditions or relatively high decoding capacity;

forward all video frames received from the sending end-
point device to the second group of existing receiving
endpoint devices; and

forward key reference frames and some, but not all,
non-key reference video frames to the first group of
existing receiving endpoint devices.

21. The apparatus of claim 20, wherein the processor is
further configured to forward only key reference frames to
existing receiving endpoint devices in the first group.

22. The apparatus of claim 20, wherein the processor is
further configured to skip and not forward some non-key
reference frames to existing receiving endpoint devices in the
first group.

23. A system comprising the apparatus of claim 20, and
further comprising the sending endpoint device, wherein the
sending endpoint device is configured to:

process a current frame to be encoded depending on the

comparison of the size with the threshold value; and
send the current frame, after it is processed, to the appara-
tus.

24. The system of claim 23, wherein the sending endpoint
device is configured to, if the size is greater than the threshold
value, encode the current frame as an instantaneous decoding
refresh frame and if the size is less than the threshold value,
encode the current frame as a key reference frame that is not
an instantaneous decoding refresh frame.
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